Differential regulation of cyclooxygenase 2 expression by small GTPases Ras, Rac1, and RhoA.
Cyclooxygenase 2 (COX-2) is an immediate early gene induced by a variety of stimuli and its expression is stimulated by individual activation of Ras or Rho GTPases. Here we investigate the role of coordinate activation of Ras and Rho GTPases in the induction of COX-2. Individual expression of constitutively active Ras, RhoA, or Rac1 was capable of stimulating COX-2 expression in NIH3T3 cells, but co-expression of constitutively active RhoA with either constitutively active Ras or Rac1 was required for full stimulation of COX-2 expression. Serum growth factors differentially activated Ras, RhoA, and Rac1, which correlated with the activation of Raf-1, ERK, and c-Jun as well as with induction of COX-2. Inhibition of Ras significantly blocked the activation of Raf-1, ERK, and c-Jun and the stimulation of COX-2 expression in response to serum. In contrast, inhibition of Rho family GTPases partially blocked serum induction of ERK activation but had little effects on COX-2 expression. Both inhibitors of MEK (PD098059) and JNK (SP600125) inhibited serum induction of COX-2. PD98059 only inhibited constitutively active Ras-induced COX-2 expression, while SP600125 significantly inhibited both constitutively active Ras- and RhoA-induced COX-2 expression. Together, our data suggest that constitutively active oncogenic Ras and Rho coordinately stimulate COX-2 expression whereas transient activation of Ras but not RhoA or Rac1 mediates the induction of COX-2 in response to serum. Furthermore, ERK and JNK activation are both required for serum- and oncogenic Ras-mediated COX-2 expression whereas only JNK activation is required for oncogenic RhoA-mediated stimulation of COX-2 expression.